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3.2. The gasket deformation  

)LJ*DVNHWGHIRUPDWLRQPRGHO
226   Y. Cheng et al. /  Procedia Engineering  130 ( 2015 )  221 – 231 
,Q WKH DFWXDO FRQQHFWLRQ D VWURQJ FRUUHODWLRQ EHWZHHQ WKH IODQJH URWDWLRQ DQG WKH JDVNHW GHIRUPDWLRQ FDQ EH
HVWDEOLVKHG 5HOHYDQW GDWD DERXW WKH DERYH HTXDWLRQ LV FDOFXODWHG DQG WKH FXUYH LV GHVFULEHG WR FRPSDUHG WKHLU
UHODWLRQVKLS IURP WKHLU UHODWLRQVKLS LWZRXOG EH IRXQG WKDW WKH IODQJH URWDWLRQ DQG JDVNHW VWUHVV DUH FRRUGLQDWHG
LQWHUDFWLRQ*DVNHWFRQWDFWVWUHVVDQGGHIRUPDWLRQFDQEHUHIOHFWHGE\FRPSUHVVLYHDQGUHVLOLHQWSHUIRUPDQFH)ODQJH
EHQGLQJGHIRUPDWLRQFDQEHKDSSHQHGGXHWRWKHHIIHFWRIWKHUHDFWLRQRQJDVNHWIODQJHWDNHVSODFHGHIOHFWLRQXQGHU
LQWHUQDO SUHVVXUH$QG GXH WR WKH IODQJH GHIOHFWLRQ WKH GLVWULEXWLRQ RI JDVNHW VWUHVV LQ WKH UDGLDO GLUHFWLRQ LV QRW
XQLIRUPWKHVHSDUDWLRQZLOOEHRFFXUUHGLQWKHLQQHUSDUWVRIIODQJHZLWKJDVNHWDWWKLVWLPH6RWKHIODQJHURWDWLRQ
DQGJDVNHWVWUHVVDUHWKHPDLQIDFWRUVWKDWLQIOXHQFLQJWKHEROWHGIODQJHFRQQHFWLRQV\VWHPWRHQJHQGHUOHDNDJHWKH
VHDO RI EROWHG IODQJH FRQQHFWLRQ V\VWHP PXVW VHW RXW WR EH GLVSRVHG IURP WKH IODQJH URWDWLRQ>@WKH JDVNHW
GHIRUPDWLRQDQGJDVNHWVWUHVV)LJLVWKHPRGHORIJDVNHWGHIRUPDWLRQ
)RUDQ\UDGLDOSRVLWLRQUWKHD[LDOVWUDLQRIWKHJDVNHWFDQEHUHSUHVHQWHGDV
t
Dr G
Gc
THH WDQ    
7KHD[LDOGHIRUPDWLRQRIJDVNHWDWDQ\UDGLDOSRVLWLRQUFDQEHH[SUHVVHGDVIROORZV>@
    TWDQ Ggg DrDrD    
7KH D[LDO GHIRUPDWLRQ RI JDVNHW FDQ REWDLQHG UHVSHFWLYHO\ ZKHQ LW LV LQ WKH VWDWH RI LQLWLDO WLJKWHQLQJ DQG
RSHUDWLQJWKURXJK(T
    iGigig DrDrD TWDQ    
    fGfgfg DrDrD TWDQ    
c
gD LVWKHFUHHSGLVSODFHPHQWWKHSHUIRUPDQFHH[SUHVVLRQRIFUHHSLV
tTCBDD RR
i
g
c
g OQ    
:KHQJDVNHWLVLQWKHVWDWHVRIRSHUDWLQJDQGWKHWHPSHUDWXUHLVԨWKHFUHHSRIJDVNHWZLOOEHJHQHUDWHGVR
WKHGHIRUPDWLRQFDQEHH[SUHVVHGDVIROORZV
 
)LJXUHLVWKHFXUYHRIFRPSUHVVLRQGHIRUPDWLRQRIWKHPHWDOIOH[LEOHJUDSKLWHFRPSRVLWHJDVNHWZKHQWKHJDVNHW
LV XQGHU RSHUDWLQJ FRQGLWLRQ2ZLQJ WR WKH GLIIHUHQW LQLWLDO WLJKWHQLQJ VWUHVV WKDW FDXVLQJ WKH GLIIHUHQFH RI IODQJH
URWDWLRQDQGIODQJHURWDWLRQPDNHVWKHJDVNHWFRPSUHVVLRQOHYHOVLQFUHDVHOLQHDUO\WKURXJKWKHUDGLDOGLUHFWLRQ$QG
ZKHQ WKH LQLWLDO WLJKWHQLQJ VWUHVV UHDFKHV 03D 03D DQG 03D UHVSHFWLYHO\ WKH PD[LPDO FRPSUHVVLRQ
GHIRUPDWLRQRIJDVNHWLVPPPPDQGPP)LJLVWKHFXUYHRIJDVNHWGHIRUPDWLRQDWGLIIHUHQW
UDGLDOSRVLWLRQZKHQWKHWHVWWHPSHUDWXUHLVԨRSHUDWLQJWLPHLVKDQGLQWHUQDOSUHVVXUHLV03DWKH
VDPH VLWXDWLRQ FDQ DOVREH UHIOHFWHG LQ WKLV ILJXUH)URP WKHGLDJUDP LW FDQEH VHHQ WKDW LQ WKH LQQHUGLDPHWHURI
JDVNHW,WVDPRXQWRIGHIRUPDWLRQJHWVPLQLPXPLQWKHRXWHUGLDPHWHURIJDVNHWWKHDPRXQWUHDFKHVPD[LPXPWKH
ODUJHVWDPRXQWRIGHIRUPDWLRQLVJLYHQE\
  
    cgfGfgcgfgd DDrDDrDD   TWDQ
    iGogog DdDdD TWDQ  
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SUHWLJKWHQLQJVWUHVVLV03D

)LJ&RPSUHVVLRQRIJDVNHWDWGLIIHUHQWUDGLDOSRVLWLRQ
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UDGLDOSRVLWLRQPP
SUHWLJKWHQLQJVWUHVVLV03D
SUHWLJKWHQLQJVWUHVVLV03D
SUHWLJKWHQLQJVWUHVVLV03D

)LJ*DVNHWGHIRUPDWLRQDWGLIIHUHQWUDGLDOSRVLWLRQXQGHUWKHWHVWWHPSHUDWXUH

8QGHUWKHRSHUDWLQJFRQGLWLRQVWKHJDVNHWVHDWLQJVWUHVVFDQGHFUHDVHWKHUHVLOLHQFHRIJDVNHWLVFDXVHGVRWKH
JDVNHW GHIRUPDWLRQ GHFUHDVHV $IWHU FUHHS DQG UHVLOLHQFH RI WKH JDVNHW ZKHQ LQLWLDO WLJKWHQLQJ VWUHVV LV
03D03DDQG03DWKHPD[LPDOJDVNHWGHIRUPDWLRQLVPPPPDQGPPUHVSHFWLYHO\
7KHJDVNHWGHIRUPDWLRQDOVRFDQEHH[SUHVVHGE\WLPHWKHLUUHODWLRQLVJLYHQWKURXJK(TDQG
  tTCBDrDD RRigfgd OQ    
,Q WKH)LJWKH LQIOXHQFHRI WKHJDVNHWFUHHS LVFRQVLGHUHG WKH UHODWLRQ WKDWJDVNHWGHIRUPDWLRQFKDQJHVRYHU
WLPH LV UHIOHFWHG ZKHQ WKH UDGLDO SRVLWLRQ LV LQ WKH RXWHU GLDPHWHU RI JDVNHW DQG XQGHU WKH WHVW WHPSHUDWXUH RI
ԨWKHJDVNHWGHIRUPDWLRQJUDGXDOO\ VWDELOL]HVDIWHUK WKHFXUYHVDUHGHVFULEHG LQDFFRUGDQFHZLWK WKH
UHJXODWLRQRIFUHHS

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WK
SUHWLJKWHQLQJVWUHVVLV03D
SUHWLJKWHQLQJVWUHVVLV03D
SUHWLJKWHQLQJVWUHVVLV03D

)LJ*DVNHWGHIRUPDWLRQFKDQJHVRYHUWLPHXQGHUWKHWHVWWHPSHUDWXUH
3.3. Gasket stress 
$JRRGFRPSUHVVLYHDQGUHVLOLHQWSHUIRUPDQFHLVWKHNH\WRPHDVXUHWKHWLJKWQHVVRIEROWHGIODQJHFRQQHFWLRQV
DQGWKHJDVNHWIDFWRUP DQGWKHPLQLPXPJDVNHWFRPSUHVVLRQVWUHVV\ 03DFRXOGEHJDLQHGDFFRUGLQJWR³$
+LJK7HPSHUDWXUH3HUIRUPDQFHRI*DVNHWDQG,WV5HSUHVHQWDWLRQ´DVHULHVRI WHVWLQJGDWDXQGHUKLJKWHPSHUDWXUH
ZLOO EH JRW IURP LW 7KH UHODWLRQVKLSV EHWZHHQ JDVNHW GHIRUPDWLRQ DQG VWUHVV DUH JLYHQ E\ *X DQG =KX >@ DV
IROORZV
&RPSUHVVLYHSHUIRUPDQFHIRUPXODLV
   CNigCCi DTBAS    
5HVLOLHQWSHUIRUPDQFHIRUPXODLV
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,Q WDEOH  CA  CB  SA  SB  CN  TA  TB DUH WKH FRHIILFLHQW RI FRPSUHVVLRQ UHJUHVVLRQ RB  RC DUH WKH
FUHHSUHJUHVVLRQFRHIILFLHQW

7DEOH&RPSUHVVLRQDQGOHDNDJHUHJUHVVLRQ¶VFRHIILFLHQWRIIOH[LEOHJUDSKLWHPHWDOJDVNHW
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,WFDQEHVHHQWKDWWKHJDVNHWFRQWDFWVWUHVVLVSUHVHQWHGLQGLIIHUHQWUDGLDOSRVLWLRQIURP)LJ7KHGLVWULEXWLRQRI
JDVNHWFRQWDFWVWUHVVLVQRQXQLIRUP,WLVFOHDUWRREVHUYHWKHJDVNHWVWUHVVLVKLJKHUZKHQLWLVFORVHUWRWKHEROW7KH
IODQJHMRLQWLVVXEMHFWHGWRWKHHIIHFWRILQLWLDOWLJKWHQLQJIRUFHLQWHUQDOSUHVVXUHDQGEHQGLQJPRPHQWIODQJHULQJ
KDVDWHQGHQF\WRRSHQLQWKHFRPSDFWLRQUHJLRQ6LQFHDJUHDWHUFRPSUHVVLYHGHIRUPDWLRQRFFXUVQHDUWKHEROWWKH
JUHDWHUJDVNHWVWUHVVFDQEHFDXVHGDWWKLVDUHD7KLVSKHQRPHQRQDOVRDFFRUGVZLWKWKHGHVFULSWLRQRIFRPSUHVVLYH
DQG UHVLOLHQW SHUIRUPDQFH 'XH WR WKH IXQFWLRQ RI IODQJH GHIOHFWLRQ WKH JDVNHW FRPSUHVVLRQ VWUHVV LQFUHDVHV
JUDGXDOO\IURPWKHLQQHUGLDPHWHUWRWKHRXWHURQHWKHZKROHEROWHGIODQJHFRQQHFWLRQV\VWHPZLOOEHFUXVKHGZKHQ
WKHRXWHUJDVNHWVWUHVV LV WRRKLJKDQG WKHQ WKH OHDNDJHEHKDYLRU WDNHVSODFH$VFDQEHVHHQIURPWKH)LJ WKH
UHODWLRQVKLSEHWZHHQWKHUHVLGXDOVWUHVVRIPHWDOIOH[LEOHJUDSKLWHFRPSRVLWHJDVNHWDQGWLPHLVUHSUHVHQWHGJDVNHW
UHVLGXDO VWUHVVGHFUHDVHVZLWK WLPH LQFUHDVLQJZLWKLQK DQG WKH VPDOOHVW UHVLGXDO VWUHVV LV JUHDWHU WKDQ WKH
PLQLPXPVHDWLQJVWUHVVWKDWPHHWLQJWKHUHTXLUHPHQWVRIVHDOLQJLQWKHRSHUDWLQJFRQGLWLRQV7KHH[SUHVVLRQLV
XVHGWRLQIHUHQFHWKHUHODWLRQVKLSDERXWWKHOHDNDJHUDWHDQGWKHFRUUHVSRQGLQJWLPH
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
)LJ5HODWLRQVKLSEHWZHHQJDVNHWUDGLDOSRVLWLRQDQGFRQWDFWVWUHVV
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WLPHK
SUHWLJKWHQLQJVWUHVVLV03D
SUHWLJKWHQLQJVWUHVVLV03D
SUHWLJKWHQLQJVWUHVVLV03D

)LJ5HODWLRQVKLSFXUYHVEHWZHHQJDVNHWUHVLGXDOVWUHVVDQGWLPH
CA  CB  SA  SB  CN  TA  TB  LA  LM  LN 
        u   
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/HDNDJHUDWHFDOFXODWHRIIOH[LEOHJUDSKLWHJDVNHW
7LJKWQHVVRIWKHEROWHGIODQJHFRQQHFWLRQV\VWHPLVUHSUHVHQWHGPDLQO\WKURXJKLWVOHDNDJHUDWH7KHUHLVDFHUWDLQ
UHODWLRQVKLS EHWZHHQ WKH JDVNHW UHVLGXDO VWUHVV DQG OHDNDJH UDWH E\ REVHUYLQJ D VHULHV RI H[SHULPHQWV DQG WKH
WLJKWQHVVRI WKHEROWHG IODQJHFRQQHFWLRQV\VWHPGHSHQGV ODUJHO\RQ WKHJDVNHW UHVLGXDOVWUHVV7KHJDVNHWVHDOLQJ
SHUIRUPDQFH LV GLVFXVVHG WKH UHODWLRQVKLS EHWZHHQ WKH PHGLXP SUHVVXUH WHPSHUDWXUH DQG JDVNHW VWUHVV FDQ EH
REWDLQHG)RUWKHJDVNHWVHDOLQJSHUIRUPDQFHLVLQIOXHQFHGE\PHGLXPSUHVVXUHWHPSHUDWXUHDQGWKHJDVNHWPDWHULDO
WKXVUHDOL]LQJWKHWLJKWQHVVRIWKHEROWHGIODQJHFRQQHFWLRQPXVWHQVXUHWKDWWKHDSSURSULDWHWHPSHUDWXUHDQGJDVNHW
VWUHVV1RZWKHH[SUHVVLRQRIWKHWLPHGHSHQGHQFHOHDNDJHUDWHLV>@
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WLPHK
SUHWLJKWHQLQJLV03D
SUHWLJKWHQLQJLV03D
SUHWLJKWHQLQJLV03D

)LJ5HODWLRQVKLSEHWZHHQJDVNHWOHDNDJHYHUVXVWLPHXQGHUGLIIHUHQWFRQGLWLRQV
)LJXUH  LV WKH UHODWLRQVKLS EHWZHHQ PHWDO IOH[LEOH JUDSKLWH FRPSRVLWH JDVNHW OHDNDJH UDWH DQG WLPH XQGHU
GLIIHUHQWFRQGLWLRQV:KHQLQLWLDOWLJKWHQLQJVWUHVVUHDFKHV03D03DDQG03DWKHZRUNLQJWHPSHUDWXUHLV
ԨWKHLUOHDNDJHUDWHLVDOOLQWKHOHYHOIURP  u WR  u &RPSDULQJWKHGDWDZLWKWKHWDEOHE\/XDQG
*XWKHLUOHYHORIWLJKWQHVVLVVWDQGDUGDQGHFRQRP\WKHVHFXULW\OHYHO,VĉWKHOHDNDJHUDWHLVJUDGXDOO\VWDELOL]HG
DIWHUKLWUHDFKHVWKHVDIHW\OHYHOFRPSOHWHO\RIWKHEROWHGIODQJHFRQQHFWLRQV\VWHP&RPELQHGZLWK)LJ
DQG)LJUHVSHFWLYHO\VKRZWKDWWKHWLPHGHSHQGHQFHDERXWWKHJDVNHWUHVLGXDOVWUHVVDQGWKHOHDNDJHUDWH$QG
WKHRXWHUGLDPHWHURIJDVNHWFRPSUHVVLRQLVWKHKLJKHVWWKXVLWVHIIHFWRQWKHJDVNHWOHDNDJHUDWHLVPRUHLPSRUWDQW
&RQFOXVLRQ
$QDO\]LQJWKHWLJKWQHVVRIWKHEROWHGIODQJHFRQQHFWLRQV\VWHPWKHSULPDU\FRQFOXVLRQVFRXOGEHDFKLHYHG
7KHFRUUHODWHRIIODQJHURWDWLRQJDVNHWGHIRUPDWLRQDQGWKHJDVNHWFRQWDFWVWUHVVZHUHVWXGLHGV\VWHPDWLFDOO\
XVLQJWKHUHODWLRQVKLSWRGHGXFHWKHIODQJHURWDWLRQDQGJDVNHWVWUHVVDUHWKHPDLQIDFWRUVWKDWDIIHFWLQJWKHWLJKWQHVV
RIWKHZKROHV\VWHP
7KHPHWDOIOH[LEOHJUDSKLWHFRPSRVLWHJDVNHWKDVJRRGWHPSHUDWXUHUHVLVWDQFHDQGVHDOLQJSHUIRUPDQFHDQG
WKHJDVNHWVWUHVV LQFUHDVHV OLQHDUO\IURPLQQHU WRRXWHUGLDPHWHUGXH WRIODQJHURWDWLRQDQGJDVNHWGHIRUPDWLRQVR
ZKHQWKHRXWHUJDVNHWVWUHVVLVWRRKLJKWKHVHULRXVGHIRUPDWLRQZLOOEHJHQHUDWHGDQGWKHOHDNDJHLVFDXVHG
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,QWKHSURFHVVRIRSHUDWLQJJDVNHWZLOOSURGXFHSDUWLDOUHVLOLHQFHEXWXQGHUWKHHIIHFWRIKLJKWHPSHUDWXUHWKH
FUHHSRIJDVNHWZLOOEHDSSHDUHG:KHQWKHSKHQRPHQRQRIFUHHSLVPRUHVKDUSWKHUHVLOLHQWUDWHZLOOGHFOLQH)URP
WKHDQDO\WLFDOUHVXOWFDQNQRZWKDWWKHHIIHFWRIFUHHSRQWKHWLJKWQHVVRIEROWHGIODQJHV\VWHPLVVPDOO
 %DVHG RQ WKH WKHRU\ RI WLJKWQHVV WKH OHDNDJH UDWH LV FDOFXODWHG 7KH\ DUH DOO LQ WKH VHFXUH VFRSH RI WKH
WLJKWQHVVLQWKHFRUUHVSRQGLQJWLPH2QWKHEDVLVRIFRQVLGHULQJWKHFUHHSHIIHFWRIJDVNHWWKHLUWLJKWQHVVLVVWDQGDUG
DQGHFRQRPLF
$FNQRZOHGJHPHQWV
7KLVZRUNZDVILQDQFLDOO\VXSSRUWHGE\WKH1DWLRQDO1DWXUDO6FLHQFH)RXQGDWLRQRI&KLQD
5HIHUHQFHV
>@ ).LUNHPR'HVLJQRI&RPSDFW)ODQJH-RLQW%ROWHG)ODQJH&RQQHFWLRQV$60(393
>@ .'X0+/LX*DVNHW 6WUHVV$QDO\VLV%DVHG RQ%ROWHG)ODQJH&RQQHFWLRQ6\VWHP&KLQD$FDGHPLF -RXUQDO(OHFWURQLF 3XEOLVKLQJ
+RXVH0D\1R
>@ $ 1HFKDFKH $ %RX]LG 2Q  WKH 8VH RI 3ODWH 7KHRU\ WR (YDOXWH WKH /RDG 5HOD[DWLRQ LQ %ROWHG )ODQJHG -RLQWV 6XEMHFWHG WR &UHHS
,QWHUQDWLRQDO-RXUQDORI3UHVVXUH9HVVHOVDQG3LSLQJ
>@ ;)HQJ%4*X0HWKRG)RU&DOFXODWLQJ'LVWULEXWLRQRI&RQWDFW6WUHVVRI0HWDOOLF*DVNHWV+\GUDXOLFV3QHXPDWLF	6HDO
>@ <6KHQ;)/X)DLOXUH$QDO\VLVRQ)ODQJH-RLQWVDW(OHYDWHG7HPSHUDWXUH/XEULFDWLRQ(QJLQHHULQJ
>@ ++ :DQJ -& /X .6 *XDQ  6WUHQWK DQG 6HDO )( $QDO\VLV RI &RPELQHG )ODQJH ZLWK D 3LSH 3UHVVXUH 9HVVHO
7HFKQRO9RO1R
>@ /*ULQH$%RX]LG3UHGLFWLRQRI/HDN5DWHV7KURXJK3RURXVJDVNHWVDWKLJKWHPSHUDWXUH-RXUQDORI3UHVVXUH9HVVHO7HFKQRORJ\$SULO
9RO
>@ 4<=KDQJ/:DQJ/RDG'HIRUPDWLRQ$QDO\VLVRI0HFKDQLFDO6FLHQFH$QG7HFKQRORJ\9RO1R-DQXDU\
>@ $%RX]LG+%HJKRXO7KH'HVLJQRI)ODQJHV%DVHGRQ)OH[LELOLW\DQG7LJKWQHVV3UHVVXUH9HVVHOV$QG3LSLQJ&RQIHUHQFH -XO\
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